Rationale: Tibial hemimelia is known as a rare congenital lower limb deficiency. It has been classified into different types based on Jones classification, and the traditional treatment of tibial hemimelia is amputation. Here we present a variant and unclassified case of tibial hemimelia, which was caused by osteomyelitis. And the lower limb with tibial hemimelia was salvaged by asymmetric limb lengthening.
Introduction
Tibial hemimelia, known as the congenital lower limb deficiency, is a very rare anomaly with an incidence of approximately 1 in 1 million live births. [1] It is characterized by deficiency of tibia with relatively intact fibula and marked shortening of the involved extremity with a severe equinovarus deformity. [2] It was a great challenge for the orthopedic surgeons to correct the deformities of the knee, ankle, foot, and the shortened, dysplastic, or absent tibia completely. Early ablative procedures for tibial hemimelia have been proposed in some literature; however, this approach is not well accepted in many cultures, especially in many Eastern countries. [3] For several decades, surgeons used the distraction osteogenesis principles in both bone and soft tissue to increase the expectancy of a functional extremity, even in difficult tibial hemimelia cases. [3, 4] The patient who suffered from tibial hemimelia in this article was caused by osteomyelitis, but not congenital deficiency. Therefore, the deformity in this case of tibial hemimelia could not be classified by any of the present existing systems, such as Jones, [5] Weber, [7] or Paley [6] classification. We used an unconventional method to reconstruct and correct the deficient leg rather than amputation. The novelty of our study is that very few similar cases with satisfactory outcome have been reported before this study.
Case report
A 19-year-old girl was born without any congenital deformity. Her parents are healthy and non-consanguineous, and her only elder sister is normal. When she was 18-month-old, she suffered from repeated fever, and her left lower leg ulcer appeared after then. The wound was cured by Chinese medicine patches when she was 3. According to her previous medical history, we can deduce her diagnosis at that time was acute hematogenic osteomyelitis of left lower leg. As she was growing up, the shortening and deformity of her left lower leg became obvious. She could walk without crutches, but it was very difficult for her to walk since she had to crouch down and straight up to exchange the supporting leg of length discrepancy for every step. She was very eager to walk upright by her own leg rather than amputating.
During the physical examination, upper limbs and spine were unaffected, as well as the right lower extremity. The left side of hip was stable and normal in terms of range of motion. The knee was rigid and the range of movement was extension 0°and flexion 30°. There was a bowing with convexity laterally and the lower leg was externally rotated relative to the femoral condyle. Leg length discrepancy (LLD) was 22 cm, which was mostly from the left lower leg. The left foot was in a 45°equinovarus deformity but the foot shape was normal. The movement range of ankle was 90°extension and 15°plantar flexion ( Fig. 1 ; Video 1, http://links. lww.com/MD/C753).
A radiograph ( Fig. 2A and B) showed the pelvis tilted to the left severely. The left femoral condyles with mildly hypoplastic could not match the distal tibial plateau to form a normal articulated joint. Only 4.5 cm of the proximal tibia was present. The tibial shaft was absent, while the distal tibia was dysplastic and its length was about 7 cm. The fibula was hypertrophied and curved, with proximal migration of fibular head. There was a proximal subluxation of the fibula at the knee. In the ankle, the tibiotalar joint was also hypoplastic but the matching relationship of joint appeared to be nearly normal. However, the lateral malleolus was thickened and the distal tibiofibular joint was abnormal.
Since the circle external fixator was not accessible to our hospital in 2009, we used the Hoffmann II External Fixation System to correct the deformity at that time. Three-stage Yu et al. Medicine (2019) 98: 3 Medicine treatment was designed in our initial plan. In the first stage, we intended to straighten the bowing lower leg as much as possible. Subsequently, the shortened lower leg would be prolonged to the same length of the contralateral side in the second stage. The third stage was the fibula centralization to replace the missing tibial shaft. [5] [6] [7] [8] [9] The first stage treatment was also conducted separately in sequential steps. During the first operation, we found that the disturbance of blood supply in deformity leg would occur if the contracted medial soft tissue was released too much. Therefore, we used the combined external fixator to distract the contractures of medial soft tissue gradually (Fig. 3) . However, the patient still suffered from severe pain caused by the disturbance of blood supply during the process of distraction. One month later, the dislocated fibular head was pulled down and fused with the proximal tibia by 2 screws; the fibular osteotomy was also performed to correct the hypertrophied and curved fibula (Fig. 4) .
Due to the blood supply disturbance in the first operation, we told the patient that her lower leg may not be corrected to the same length as the contralateral lower leg, and the alternative approach was lengthening the thigh to make both lower limbs equal length. The treatment time could be shortened with this approach since the femur lengthening could be performed before the bone healing of fibular osteotomy. The patient accepted our suggestion, and the femur was distracted 2-month postoperative of fibular osteotomy in the second stage (Fig. 5) . After 6 months of the femur lengthening, the fibula was prolonged and the equinovarus deformity of foot was corrected at the same time ( Fig. 6A and B) . However, the patient suffered from severe pain again, due to the recurrence of blood supply disturbance during the process of lengthening. In this case, the continued lengthening of lower leg had to be ceased when the deformity leg was lengthened to 11 cm. But the left lower limb was still 2 cm shorter than the contralateral limb ( Fig. 7A and B) . Considering that the fibula would be transformed to inward and downward and be centralized as the tibial shaft, the shorten deformity would be remedied. The proper rehabilitation exercises, such as movement of the knee and ankle joint, were performed during the procedure of lengthening. When the regenerated bone began to be mineralized, the patient can walk in part weight-bearing with the external fixator. After maturation of the regeneration, the fixator and the internals were removed. Since then, the patient recovered well from these operations and was reviewed every 6 months for 5 years. We had advised that she should undergo the operation of fibula centralization to correct the force line of lower limb with Taylor ring external fixator [6] at every follow-up visit. But the patient was satisfied with the outcomes of previous operations and refused our advice.
The data about surgical result and the follow-up outcome are as follow. The patient underwent 5 operations in the whole treatment time of 3 years and 2 months. The bone healing time of fibular osteotomy was 8 months. The lengthening procedure of femur had continued for 102 days, and the external fixator was applied for 663 days. The total lengthening of femur achieved during the reconstruction was 7.8 cm. The external fixator index of femur was 85 days/cm. It took 156 days to lengthen the fibula for 11 cm, and the external fixator was removed after 492 days, at which time the limb lengthening and bone consolidation were completed. The external fixator index of fibula was 44.7 days/cm. The left lower limb was still 2 cm shorter than the contralateral limb ( Fig. 7A and B) . Knee valgus angle was 7.22°, femoral angle was 93.36°, tibia angle was 80.36°, and the mechanical axis deviation (MAD) of left lower limb was 34 mm. (Figs. 8 and 9A ) The knee function was extension 0°and flexion 40°. The active ROM of ankle was normal ( Fig. 9A-D ; Video 2, http://links.lww. com/MD/C754).
Discussion
Tibial hemimelia, which was mostly known as the congenital deformity, is extremely rare.
[1] However, our case caused by osteomyelitis during her childhood was quite distinct from the congenital tibial hemimelia. There are several classification systems for tibial hemimelia. The Jones classification, [5] published in 1978 and based on plain radiography findings, was the most widely accepted and used classification system. Our case neither conforms to any of the 4 types of Jones' classification, nor the Weber-classification or Paley-classification. Shrivastava [10] present a variant of tibial hemimelia in 2009, which was very similar to our case. That case was a 9-year-old Asian boy who was diagnosed with tibial hemimelia when he was 1 week old, because of the absence of tibia shaft, fibular become hypertrophied, shortened and curved after loading the body weight. Since the patient walked on the lateral side of his equinovarus rather than the plantar side, the mechanical axis of lower limb deviated, in addition to the injury of the epiphysis of distal and proximal tibia resulted in the dysplasia of knee and ankle. As the result of the relatively overdeveloped proximal fibula comparing with the proximal tibia, the superior tibiofibular joint was malposition and the knee was rotational subluxation.
If we want to perform a corrective surgery to reconstruct the limb rather than amputation, all the deformity described above must be corrected as much as possible to achieve the plantigrade foot, stable and functioning knee joint, stable ankle joint, and leg length equality. We only had access to Hoffman external fixator to reconstruct the limb at that time, by which the deformities cannot be corrected in multiple planes.
[11] Therefore, we had to divide the treatment into several steps. Firstly, the curved lower leg was straightened by releasing medial soft tissue, fusion the superior tibiofibular joint and the osteotomy of fibula. Only the straightened and shortened limb was suitable for being lengthened by the combined external fixator. If the ring external fixator can be used to correct the deformity, some surgical steps can be omitted and better results can be achieved, which was our shortcoming in this case.
The patient was an adult when she was treated, and the bone development was established and the deformity had existed for 18 years. Therefore, vascular crisis often occurred in the lower leg during the process of lengthening because of the severely contracted medial soft tissue. Eventually, the surgical plan had to be changed. The ipsilateral femur was distracted to achieve the equal length on both legs. Hence, we think that tibial hemimelia should be treated during childhood or adolescence. [5, 7, 8] The advantages are as follows:
1. The degree of deformity is relatively gentle, and the limb reconstruction operation will be easier than its at adult age. 2. It is beneficial for the development of the knee joint and ankle joint to restore the normal mechanical axis of lower limb as early as possible. As the consequence, the maximum joint function can be retained during growth period. 3. The ability of bone regeneration in children is better than adult. That means the mineralization time in children after bone generation of distraction will be shorter than adults. Moreover, the time of fixation with external fixator can be shortened. 4. Patients can return normal life much sooner and earlier, and the psychological effects caused by the deformity limb will be reduced.
Lengthening is associated with a certain number of complications: infection, poor quality osteogenesis, fracture after material ablation, stiffness, joint subluxation or dislocation, palsy, pain, psychological problems, disorder of blood supply, and material failure. [12] The left lower leg could only be lengthened to 11 cm in our report, but not the intended 22 cm to attain symmetrical and equal length lower limbs was owing to the pain and the disorder of blood supply in the deformity lower leg. The risk of complications from lengthening increases with distraction length. [13] Paley [14] mentioned that lengthening is limited by the soft tissues; hence, lengthening to 5 to 8 cm carries medium risk, and exceeding 8 cm increases risk substantially. We released the contractures of medial soft tissue first during treatment to reduce the risk of soft tissue complications. Moreover, the time of external fixator fixation was extended until the plain X-ray showed the regeneration callus were 3 or 4 continuous cortices of at least 2 mm thickness. Therefore, the patient had good quality of osteogenesis without any fracture after removal of the external fixator. The asymmetry lengthening is the last resort to achieve the leg length equality. The non-physiological lengthening may associate with certain degrees of inconvenience to the patient's life, such as crouching down and sitting down in a special posture. Therefore, the asymmetry lengthening is only suitable in the condition that single lower leg or thigh distraction cannot reach the equal length of lower limbs, and the patient has a strong willingness to reconstruct and distract his limb. A similar case of asymmetry lengthening was reported in 2015. [15] A 4-year-old girl with a Jones type IA tibial hemimelia in the right lower extremity was reconstructed the tibial plateau with her ipsilateral and contralateral fibular heads. Limb length discrepancy was corrected with a femoral osteotomy and lengthening (total lengthening 13 cm). During 4-year follow-up, the limb was well aligned without significant length discrepancy and had good function knee. However, 4-year follow-up was not long enough for the asymmetry lengthening, and the result of longer term should still be evaluated. In our case, although the patient is Yu et al. Medicine (2019) 98: 3 Medicine satisfied with the current situation after the operations, the fibular centralization should be performed in future. Otherwise, the MAD of lower limb will accelerate the cartilage degeneration of the ipsilateral ankle, knee, and hip. Statement: The case report was approved by the ethics committee of Zhongnan Hospital of Wuhan University (approval number: 2018046), and the patient signed informed consent to publication of her clinical details and/or clinical images. 
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